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INTRODUCTION 


Silvered  Teflon  (fluorinated  ethylene  propylene,  FEP)  is  a  light-weight  thermal 
control  material  used  extensively  on  satellite  hardware.  The  thin  silver  film  provides  high 
solar  reflectance  while  the  transparent  FEP  Teflon  overlayer  gives  high  infrared  emittance. 
Seventeen  of  the  Long  Duration  Exposure  Facility  (LDEF)  experiment  trays  were  covered 
by  Ag/FEP  thermal  blankets,  and  adhesively  bonded  Ag/FEP  material  protected  a  number 
of  smaller  components.  Visible  changes  were  noted  on  the  Ag/FEP  on  both  leading  and 
trailing  edges  during  the  initial  observations  upon  retrieval  of  LDEF.  Changes  included 
surface  cloudiness,  discoloration  and  delamination  at  the  metal/polymer  interface.  The 
leading  edge  blanket  surfaces  have  become  diffuse  and  appear  uniformly  cloudy.  The 
trailing  edge  blankets  exhibit  clear  areas  that  are  visibly  unaffected,  and  cloudy  areas. 

Some  of  the  adhesively  bonded  Ag/FEP  surfaces  are  significantly  discolored;  discoloration 
was  also  observed  on  many  blanket  edges  near  vents. 

Solar  absorptance  and  infrared  emittance  measurements  on  samples  from  the  ther¬ 
mal  blankets  with  5  mil  FEP  have  determined  that  material  exposed  to  the  space  environ¬ 
ment  has  values  that  are  relatively  unchanged  from  those  of  control  specimens  (Ref.  1). 
This  includes  samples  with  extensive  visible  changes  such  as  the  diffuse  leading  edge  blan¬ 
ket  surfaces.  Material  with  a  thinner  FEP  layer,  e.g.  adhesively  bonded  Ag/2-mil  FEP,  did 
show  a  significant  change  in  infrared  emittance  due  to  a  greater  loss  of  the  FEP  layer  to 
atomic  oxygen  erosion  (Ref.  2).  Highly  discolored  areas  of  Ag/FEP  also  have  measurably 
changed  thermal  control  properties. 

In  this  study,  samples  of  Ag/FEP  were  analyzed  from  as  many  LDEF  locations  as 
available  to  determine  surface  changes  in  the  material  as  a  function  of  position  on  the  space¬ 
craft.  Significant  changes  in  surface  morphology,  composition  and  chemistry  were 
observed. 
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EXPERIMENTAL  METHODOLOGY 


SAMPLES 

Ag/FEP  samples  for  this  investigation  were  obtained  from  10  of  the  12  rows  of  the 
LDEF .  Exposed  and  protected  edge  samples  from  14  of  the  16  blankets  from  the  A0178 
High-Resolution  Study  of  Ultra-heavy  Cosmic-Ray  Nuclei  (Dublin  Institute  for  Advanced 
Studies  and  European  Space  Agency,  ESTEC)  were  obtained  through  the  Materials  Special 
Investigation  Group.  Many  of  these  pieces  were  cut  from  the  ground  strap  section.  A 
sample  from  the  P0004-1  Seeds  in  Space  Experiment  (George  W.  Park  Seed  Company, 
Inc.)  blanket  was  provided  by  NASA  Langley.  Adhesively  bonded  samples  were  obtained 
on  row  9  from  M0003,  Space  Environment  Effects  on  Spacecraft  Materials,  of  The 
Aerospace  Corporation  and  from  the  A0076  Cascade  Variable-Conductance  Heat  Pipe 
Experiment  of  McDonnell  Douglas  Astronautics  Company.  A  map  showing  the  shaded 
areas  from  which  samples  were  obtained  is  shown  in  Figure  1.  A  schematic  representation 
of  the  blankets  is  shown  in  Figure  2,  indicating  the  Teflon,  silver.  Inconel,  and  paint, 
which  comprise  the  entire  blanket  structure  as  used  on  LDEF. 


SCANNING  ELECTRON  MICROSCOPY/ENERGY  DISPERSIVE  X-RAY 
SPECTROSCOPY  (SEM/EDS) 

Ag/FEP  samples  from  9  of  the  12  rows  have  been  examined  by  SEM/EDS;  then- 
locations  are  indicated  on  the  Figure  1  map.  The  FEP  surfaces  were  coated  by  carbon 
evaporation  to  minimize  surface  charging  effects.  A  JEOL  840  SEM  with  an  ED  AX  9900 
EDS  system  was  used  for  this  study,  producing  electron  micrographs  using  a  5  kV 
accelerating  voltage. 


X-RAY  PHOTOELECTRON  SPECTROSCOPY  (XPS) 

One  or  more  sections  of  each  available  Ag/FEP  sample  was  analyzed  by  XPS  using 
a  VG  Scientific  LTD.  ESCALAB  MK II.  Samples  were  mounted  on  standard  sample  stubs 
with  double-sided  tape.  The  Mg  Ka  source  was  chosen  for  x-ray  irradiation.  Survey 
scans  from  0  to  1 100  eV  binding  energy  were  acquired  to  qualitatively  determine  the  sam¬ 
ple  surface  composition;  analysis  depth  is  about  50  - 100  A.  High  resolution  elemental 
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scans  were  subsequently  run  to  obtain  semi-quantitative  elemental  analyses  from  peak  area 
measurements  and  chemical  state  information  from  the  details  of  binding  energy  and  shape. 
Surface  charge  corrections  were  made  by  setting  the  FIs  peak  binding  energy  to  289.0  eV. 
Measured  peak  areas  for  all  detected  elements  were  corrected  by  elemental  sensitivity  fac¬ 
tors  before  normalization  to  give  surface  mole  %.  The  quantitation  error  on  a  relative  basis 
is  <10%  for  components  >1  mole  %.  Large  uncertainties  in  the  relative  elemental  sensitiv¬ 
ity  factors  can  introduce  absolute  errors  of  a  factor  of  2  or  even  greater. 

All  elements  of  the  periodic  table  except  H  and  He  can  be  detected  by  XPS  with  a 
Mg  Ka  source.  The  detection  limit  is  about  0. 1  surface  mole  %,  but  spectral  overlaps 
between  large  peaks  and  small  peaks  can  make  it  impossible  to  detect  minor  components. 


10 


Sputter-Deposited  Silver,  Nominal  2000  A 


Sputter-Deposited  Inconel  Nominal  2000  A 


Z-306  Black  Paint 


Figure  2.  Schematic  of  5-mil  silvered  Teflon  thermal  blankets. 


RESULTS  AND  DISCUSSION 


The  leading  edge  samples  were  uniform  in  appearance  from  rows  7  through  1 1. 
Typical  results  of  analyses  with  SEM  and  XPS  are  shown  in  Figure  3.  The  control  sur¬ 
face,  which  is  a  non-flight  FEP  surface,  is  featureless  in  the  SEM  while  the  flight  sample 
shows  a  typical  erosion  pattern  in  FEP  for  high  velocity  atomic  oxygen  erosion.  The  XPS 
data  for  the  control  surface  shows  carbon  and  fluorine  only.  The  XPS  analysis  of  the 
exposed  surface  shows  that  the  surface  composition  of  the  FEP  remaining  after  the  erosion 
is  indistinguishable  in  carbon  and  fluorine  composition  from  the  control,  with  trace 
amounts  of  some  contaminants  (Si,  N,  S,  and  Cl)  and  measurable  oxygen  present  This 
oxygen  could  be  from  the  atomic  oxygen  interaction  or  from  water  adsorption  from  the 
atmosphere  after  retrieval.  Water  adsorption  could  be  enhanced  on  the  erosion-roughened 
surfaces,  which  have  much  higher  surface  area  than  the  control  surfaces.  Some  variations 
in  the  erosion  pattern  on  leading  edges  were  observed  as  shown  in  Figure  4. 

Exposed  trailing  edge  samples  were  found  to  have  developed  a  wide  variety  of  sur¬ 
face  morphologies,  very  distinct  in  appearance  from  the  featureless  control  surface  and  the 
atomic  oxygen  eroded  surfaces.  The  blanket  surface  areas  that  appear  fogged  or  cloudy  on 
the  trailing  edge  have  become  sufficiently  diffuse  to  change  visibly.  Many  of  the  clear, 
visibly  unaffected  areas,  however,  also  have  morphology  changes,  as  seen  in  Figure  5. 
Within  short  distances  on  some  trailing  edge  samples  both  the  surface  morphology  and  sur¬ 
face  contamination  levels  were  observed  to  change  dramatically.  This  is  shown  in  Figure 
6.  Silicon,  detected  as  Si02,  is  one  of  the  most  significant  contaminants  on  trailing  edge 
Ag/FEP  surfaces.  It  is  currendy  not  clear  if  any  causal  relationship  exists  between 
observed  morphology  type  and  surface  contamination  build-up.  It  is  possible  that  some 
morphologies  will  have  a  higher  probability  of  trapping  or  adsorbing  outgassed  or 
backscattered  species,  thereby  leading  to  greater  surface  contamination  buildup.  Some 
additional  morphology  types  observed  on  exposed  trailing  edge  FEP  surfaces  are  seen  in 
Figures  7  and  8.  Figure  7  shows  a  series  of  closely  spaced  bands  on  a  section  of  the  ther¬ 
mal  blanket  from  bay  A  of  row  2  (A2).  Figure  8  shows  that  some  trailing  edge  surfaces  are 
still  relatively  smooth;  this  was  most  typical  of  samples  at  larger  angles  to  the  trailing  edge, 
e.g.  rows  1, 5  and  6.  EDS  analysis  showed  the  bright  spots  to  be  relatively  high  in  Si 
concentration. 

A  summary  of  the  SEM  and  XPS  results  is  shown  in  Table  I.  The  leading  edge 
samples,  from  row  7  to  1 1,  all  show  the  roughened  surface  typical  of  atomic  oxygen  ero¬ 
sion  of  FEP.  The  XPS  results  indicate  a  clean,  relatively  uncontaminated  surface  with  only 
small  increases  in  surface  oxygen  concentration.  Because  of  low  contamination  and  a 
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TABLE!  SUMMARY  OF  SEM  AND  XPS  RESULTS 


LDEF 

Row 

FI  MECTEljBMMSI  1  jCTTjgjEl 

Bay 

Surface 

Si% 

Surface 

0% 

— m — 

Envelope 

1 

Smooth;  particulate  contamination 

D 

0.2 

2 

Degraded  FEP 

2 

A 

0.7 

6 

Degraded  FEP 

2 

F(Boeing) 

2-8 

11-32 

Contamination 

2 

3  (TE) 

Puckered  texture;  more  distinct  in 
cloudy  bands 

F(NASA) 

8-19 

30-51 

Contamination 

4 

Puckered  and  wrinkled  textures  in 
bands 

F 

0.2-7 

4-31 

Contamination 

4 

A 

0.1 

3 

Degraded  FEP 

5 

Slighdy  lumpy  (B) 

B,  C,  D 

0.1 

3-5 

Degraded  FEP 

6 

Some  areas  of  puckered  texture 

C 

<0.1 

1-2 

Degraded  FEP 

7 

Eroded,  sharp  pinnacles  (B) 

B,  D 

<0.1 

0.6 

Clean  FEP 

8 

Eroded,  sharp  pinnacles 

C 

<0.1 

0.6 

Clean  FEP 

9  (LE) 

D,F 

0.1  -  0.8 

0.8 

Clean  FEP 

10 

Eroded,  rounded  peaks 

A 

0.1 

0.6 

Clean  FEP 

11 

12 

Eroded,  sharp  pinnacles  (C) 

CT> 

<0.1 

0.4 

Clean  FEP 

Control 

FEP 

Smooth,  featureless 

<0.1 

<0.1 

Clean  FEP 

carbon  Is  (Cls)  XPS  spectrum  indistinguishable  from  the  control  material,  the  leading 
edge  surfaces  are  characterized  as  clean  FEP.  The  Cls  spectrum  from  the  D7  blanket  sur¬ 
face  is  shown  in  Figure  9a.  Curve-fitting  reveals  the  major  CF2  peak  at  292  eV  and 
moderate  CF  and  CF3  peaks  (approximately  10%  each)  at  289.5  eV  and  294  eV  respec¬ 
tively.  This  matches  the  spectrum  predicted  for  FEP  with  an  approximate 
ethylene/propylene  comonomer  blend  of  90%/10%. 

On  the  trailing  edge  of  the  LDEF,  changes  are  observed  both  by  SEM  and  XPS. 
The  surfaces  have  lost  the  smooth,  featureless  texture  of  the  unexposed  FEP,  even  when 
the  amount  of  contamination  remains  low,  as  indicated  by  silicon  concentration.  The  trail¬ 
ing  edge  surfaces  can  be  divided  into  two  categories  based  on  the  XPS  data.  The  first  is 
characterized  by  low  contamination  levels  (Si  <  1%)  and  a  Cls  spectrum,  as  in  Figure  9b, 
that  differs  significandy  from  that  of  clean  FEP,  but  does  not  have  a  major  peak  at  285  eV. 
The  second  category  is  characterized  by  moderate  to  high  levels  of  surface  contamination 
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(Si,  O,  C,  N,  and  S)  and  a  Cls  spectrum  dominated  by  a  peak  at  285  eV,  as  seen  in  Figure 
9c  and  d.  The  Cls  peak  at  285  eV  is  predominantly  due  to  C-C  bonds,  and  is  thought  to 
build  up  cm  the  trailing  edge  surfaces  from  decomposition  products  of  outgassed 
hydrocarbons  and  silicones. 

The  Cls  spectrum  in  Figure  9b  arises  from  degradation  of  the  FEP  surface.  Curve¬ 
fitting  shows  that  the  decrease  in  intensity  of  the  CF2  peak  at  292  eV  is  accompanied  by 
major  increases  in  intensity  at  294  eV,  289.5  eV  and  287  eV,  assigned  to  CF3s  CF  and  C- 
(CFn)4,  respectively.  These  changes  are  consistent  with  damage  to  the  carbon  backbone  of 
the  Teflon  polymer  causing  molecular  weight  degradation,  new  chain  terminations, 
branching,  and  crosslinking  through  free  radical  reactions.  The  solar  ultraviolet  (UV) 
radiation  exposure  of  the  LDEF  surfaces  is  thought  to  have  caused  this  FEP  surface  degra¬ 
dation.  The  FEP  surfaces  were  also  exposed  to  the  stress  of  about  34,000  thermal  cycles, 
but  the  maximum  temperatures  calculated  for  Ag/FEP  blankets  on  LDEF  are  less  than  0°C 
(Ref.  3)  and  not  sufficient  to  break  chemical  bonds.  Exposure  of  FEP  to  the  XPS  x-ray 
source  for  several  hours  induced  similar  shifts  in  the  Cls  spectrum;  almost  all  of  the  FEP 
Cls  spectra  used  for  curve-fitting  in  this  study  were  acquired  during  the  first  minute  of 
sample  exposure  to  the  x-ray  source  to  minimize  surface  degradation  from  the  analysis 
itself.  A  recent  study  of  the  degradation  of  polytetrafluoroethylene  (PTFE)  Teflon  by  3 
keV  electrons  showed  very  similar  XPS  Cls  spectra  changes  to  those  seen  in  Figure  9b  as 
a  function  of  electron  irradiation  and  subsequent  heating  to  drive  off  volatiles  (Ref.  4). 
Degradation  of  the  PTFE  was  attributed  to  the  type  of  damage  described  above. 

Future  work  with  the  LDEF  Ag/FEP  thermal  control  material  at  this  facility  will 
address  the  problem  of  delamination  at  the  metal/polymer  interface.  This  interface  strength 
degrades  during  earth  storage  of  laboratory  controls,  and  deterioration  is  accelerated  in  the 
space  environment  A  delamination  of  the  Ag/FEP  has  the  potential  for  catastrophic  failure 
of  the  material's  thermal  control  properties;  this  was  deterred  on  the  LDEF  blankets  by  the 
presence  of  the  paint  on  the  back  surfaces.  We  are  also  interested  in  the  effects  of  adhesive 
bonding  on  Ag/FEP  performance.  Discoloration  and  streaking  was  observed  at  the 
metal/polymer  interface  of  adhesively  bonded  Ag/FEP  on  LDEF,  with  some  degradation  of 
thermal  control  properties. 


15 


Scanning  Electron  Surface  Composition 

Microscope  Image  Determined  by  X-Ray 
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Figure  3.  Leading  edge  sample  of  Ag/FEP  compared  to  control  sample.  Typical  results  of  analyses  with 
SEM  and  XPS. 


AO  Erosion  of  Exposed  Leading  Edge  Surfaces 
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Figure  4.  Some  variations  in  the  erosion  pattern  on  leading  edge  samples  of  Ag/FEP. 


F2:  Exposed  Trailing 
Edge  Surface 
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Figure  5.  Exposed  trailing  edge  surface  from  F2  showing  morphology  changes  by  SEM  in  adjacent  clear 
and  diffuse  areas  of  Teflon. 
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Figure  6.  Changes  in  Teflon  surface  morphology  and  surface  contamination  level,  as  represented  by  Si 
concentration,  for  a  series  of  adjacent  bands  on  an  exposed  trailing  edge  surface  from  F4. 
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section  of  exposed  Teflon  from  trailing  edge  A2. 
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Figure  7  (Areas  3  and  4) 
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Figure  8.  Exposed  trailing  edge  surfaces  that  are  still  relatively  smooth.  Bright  spots  are  relatively  high  in 
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Figure  9.  XPS  spectra  of  the  Cl s  region  from  Ag/FEP  blanket  surfaces. 

a.  D7  blanket  surface.  Characteristic  of  clean  FEP. 

b.  B5  blanket  surface.  Characteristic  of  degraded  FEP. 

c.  F4  blanket  surface.  Characteristic  of  contaminated,  degraded  FEP. 

d.  F2  blanket  surface.  Characteristic  of  heavily  contaminated  FEP. 


SUMMARY 


The  cumulative  space  environmental  effects  cm  Ag/FEP  were  a  function  of  location 
and  exposure  orientation.  The  leading  edge  of  LDEF  was  dominated  by  the  effect  of  the 
atomic  oxygen  causing  erosion  of  the  Teflon.  The  resulting  surfaces  were  highly  textured 
and  not  significantly  contaminated;  contaminants  and  UV-degraded  FEP  appear  to  have 
been  removed  by  the  surface  erosion.  The  trailing  edge  samples  had  a  wide  variety  of  new 
surface  morphologies  in  addition  to  the  presence  of  more  extensive  contamination.  On 
trailing  edge  surface  areas  where  contamination  was  relatively  low  (particularly  at  larger 
angles  to  the  trailing  edge),  XPS  detected  degraded  FEP,  most  likely  caused  by  UV  expo¬ 
sure.  This  degradation  appears  to  result  from  damage  to  the  carbon  backbone  of  the  Teflon 
polymer  causing  molecular  weight  degradation,  new  chain  terminations,  branching,  and 
crosslinking  through  free  radical  reactions.  The  UV  degradation  could  have  occurred  at  a 
slow  rate  during  the  entire  mission  but  the  erosion  of  the  Teflon  would  have  occurred  more 
rapidly  near  the  end  of  the  mission  as  the  altitude  dropped  and  the  atomic  oxygen  flux 
rapidly  increased. 
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